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ADVANKCE RESTRICTED REPORT

WIND-TUNNEL INVESTIGATION CF ROUNDED HORNS AND OF GUARDS
ON A HORIZONTAL TAIL SURFACE
By Robert B. Liddell end Vernard E. Lockwood

STUMMARY

An Investlgation was made to determine the sero-
dynamlc sffects of horn balances with varlous plan forms
and of guards on a horizontal tall surface. The results
Indicate that rounding the adjacent horn and stabllizer
edges causod negligible changes 1ln the aercdynamic charac-
terlstica, except for the changes resulting from the
decroese in the area moment of the horn. The use of
guarde mounted betwoen the stablllizer and horn wes found
to lncrease the slope of the 1iTt curves wlth angle of
attack or with elevator detlection. The negative slopes
of the curves of hinge moment against angle of attack
and olevator derflection increased as the guard area was
irncroased.

INTRODUCTION

An investlzatlion was made in the IMAL 7- by 10-foot
tunnel of the 0.5-scale model of the left horlzontal taill
surface of the Grumman TBF-1 airplane with various horn
and stabllizer modifications. The purpose of the
Investlgation was to determine the aerodynamic eftects
of changing the plan forms of the horn balance and the
adJacent fixed surface. Test results are included to
show the aerodynamic effects of varlous guard arrenge-
ments that might be used on a horizontal tall having a
horn balance. For convenience, the results presented
in the verlous figures are listed 1n table I. Tuft tests
of the outboard end af the model were made to determine
the alr-flow characteristics of four horn and stabllizer
modifications.

Inasmuch as this investlgation was gensral, the
model was tested at hligher angles of attack and with
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elevator deflections much greater than would have been
feaslble for the actual TBF-1 alrplane,

n «

SYMBOLS

11ft coefficient (L/q3)
drag coefficient (D,qS)

pltching-moment coefficlent about mounting axis
(:/qSe)

elevator hings-romont cosfficient about hinge
axls (Lg/qbeTe?)

twlce the 1i1ft of the samlspan modsl

twlce the drag of the seamispan model

twlice the pitching moment of the semlspan modsl

elevator monent sbcocut hlnge axis, foot pounds;
poslitive when 1t tends to depress elevatcr
tralling edgo

dynamic pressure

total hLorizontal-tall area
span of horizontal tall

span of left elevator

mean chcrd of the horlzontal tall surface
root-mean-square chord of the elevator

total guard area (two guards)

angle of atteck of the model

elevator deflectlion relatlive to the stabillizer,

positive when tralling edge 1s deflected
downward
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oCy,
CLG ~\oa 8o
R - 1s e
®Loe = \35,,/,
Ch

All slope values gquoted are for small values of
angle of attack snd flap deflection.

FETHCD AND APPARATUS

A semispan model was mounted wvertlcally in the
IMAL 7- by 10-foot t'uinel (reference 1) with the inboard
end adlacent to the turmel floor, which thereby acted as
a reflection plane. The mocel was supported entirely by
the balance frame with a small clearance at the tumnnol
floor in order that all the forces and moments acting on
the model could be mesasured. The flow ovar ths model
simulated the flow over a complete horlzontal tall
conslsting of the left semlspan of the model jolned to
its reflection and mounted 1n a 10- by 1l;-foot tumnel.
In order to present results for the full-span horizontal
tall, the measured values taken for the tasts were
multiplied by 2. The test setup 1s shown schematically
in figure 1.

Provlislions were made for changling the angle of
attack and the deflectlon of the elevator of the model
whils the tunnel wasa 1in operation. The elevator hinge
moments were measured by means of an electrical strain
gage mounted within -the elevator.

The O.5-scale model of the left horizontal tall
surface for the TBF-1l alrplane was furnished by the
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Grurmen Alrcraft Corporation and conformed to the
dimensions shown 1n figure 2. The model represented
that part of the airplane shown crosshestchsd in figure 3.
The geometrlc charasterlstics of the model are given in
the followlng table:

Horizontal tall area, original configuratlion H3Sj,

S/2, B8QUETe £t ...i.cevecassscnsessasnsnsescs 13,69
Horizontal tall span, b/2, T80t .veeeerveeeenenreas 5.20
Elevator area aft cf lilnge line, esquare foet ...... 5.23
Eievator roct-mean-squars chord, €y, feet ........ 1.2
RElevatcr movement, dBEre8S ...ceeeeeeccncsceanssennss T36
Guard area, ss/a

Guard 1, £9Uare OOt ....ivececesacnsenocaccnans .O%l
Guerd 2 (8g = 0), sGua™ €5t seesveeeceeeeeese 0.485
Guard 3, square feet ......viviiencencccenneasa. 0,822
Guard [, Square foot ......cceceescsvscencccecne U575

The modlflcatlons made on the model during the tests
conslsted primarily of a systematic change in the gap
between the horn and stabillzer near the loading edgse.

This modlfication was made by providing the mcdel with
Interchangeable horn- and stebillizer-tlip blocks of

verious shapes. Flgures li and 5 show Llhese mcidificatlons
to the model and Indicate the method adopted for the
deslignation of the varlous horn -and stablllzer shapes.

For comparative nurposes, tests were also made of the

model without a horn and with a full-sran stabllizer (HoSp).

Four different guards were also tested with the
original horn conflgurution. The dimenslions of cach
guard are gilven in figure 6 and photographs of the guard
arrangerents are presented as flgure 7.

For most toasts, the dynamic pressure was maintained
at 16.37 péunds per square foot. At some high positive
angles of attack and nositive elevator deflections,
valuas of drag and hinge moment too large for the
indicating apparatus necessltated a reduction of the
tunnel dynamic pressure to 1l2.535 pounds per square foot.
These two dynamic pressuras correspond to velocltles,
under standard sea-level conditlons, of 80 and 70 miles
per hour and to test Reynolds numbsrs of 1,970,000
and 1,720,000, respectively. The Reynolds numbers are
based on a model chord cf 2.63 feot, (Effective
Reynolds number = Test Reynolds number X Turbulence
factor. The turbulence factor for the LMAL 7- by 10-foot
tunnel 1is 1.6.)
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CORRECTTIONS

The results have been corrected for the effects of
the Jet boundarlies. The corrections which were applied.
to the angle of attack and the 1ift, drag, pltchling-
moment, and hinge-moment coefflolents were:

Aa. = 1.48 x dL
ACp, = -0.016 x Cy
ACpy = 0.00235 x Cr?
ACqm = 0.0069 x Cf,

8Ch, = 0.0046 x Cf,

No corrections have been made for the effects of
the gap between tlie root sectlon and the floor or for
leakagoe around the support strut,

RESULTS AND DISCUSSION

Horn and stabillzer modiflcations.- The serodynamlc
characteristics of the horizontal vall are nressnted as a
functlon of angle of attack for two elovator deflectlons
in figure 8 and as a functlion of elevator deflection for
two angles of attack in figure 9. Little 1f any signifl-
cant change in ths 1ift produced is noted for the varlous
modiflcatlons, except for the tall surface without a
horn (HoSo).

The area of the horn decreased wlth the successlve
horn modilflcations and caused a proportlionate decresase
in balancing moment. Thus, rounding the horn incresased
slightly the negatlive slopes of the hinge-moment-

_ coefficient curves, as is shown in figures 8 and 9.
No Improvement in the hinge-moment characterlatlcs is
apparent for a rounded horn.

Complete data are ﬁresented In figureés 10, 11,
and 12 for the model without a horn HgyS,, for the

original configuration H3Sy, and for modification H3S2,
respectively. The slope of the 1lift curve for the original
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model H3Sy equals 0.055. In general, little gain in
11t may be obtalned by deflecting the elevator more
than 200 or by increasing the angle of attack above 16°,
except for attltudes of the model in which the elovator
daflecticon and angle of attack are of opposlte sign.

The hipnge-moment parameters are plotted in figure 13
against the ratio of the area momoent of the horan to the
area moment of the elevator. From thls flgure, the
contrlbution ¢f the horn to cha and chbe may be

determined., The valuss of ACp, and Ach5e obtalned

are 1n gocd agreement with the valuss glven in reference 2.
Effects of guards.- The zerodynamlc effects

of mounting varlous guards on the original model H3Sj

are shown in figures 1l and 15, The guards act as end
. plates cn the alrfoll and cause a small Increase In Crg

and CLs, 88 the guard area is increased (flg. 16).

The 1ift parameters increase in constant proportion to
each othor; the effectiveness apg, of the slevator 1is

therefore shown to te constant with increasing guard
area.

Inasmuch as Gha and chﬁe Increase negatively with

en increase In guard area (fig. 16), the horn area would
have to be Ilncremsed vproportionately with the 1lncrease. in
guard area 1 the hings-momant parameters are to be kept
constant. Silnce Cha 1s positive, the hinze-moment

parameters mav be expected to become more posltive, as

did the 1ift parameters with Ilncressse in guard area.

The opposlte 1s apnarently true 1f a horm 1s employed

to obtaln most of the control-surface balance. This
rosult might be explained 1n the following manner: The
alrfoll may be considersd as divided into two parts by

the solld guard. The portion of the airfoll irboard of
the guard has very llttle balance area and, therefore,

Cha and Chﬁa are negative and would become increasingly

negative with an lncrease of guard area. Values of
C and Crg also would become increasingly positive

as the guard increased the aspect ratio. The portion

of the alrfoll outboard of the guard, however, decreases
in aspect ratio with the addition of guard area. Thils
decrease would cause the positive hinge-moment parameters
for thls portion of the alrfoil to have little influence
in the determlinatlion of the over~-all parameter values.
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By the use of figures 13 and 16 1t would be possible
..to £find the additional area moment of the hora required
for eny size of guird - that would be.used.  These curves
would be wvalild, however, cnly for guards mounted at the
epanwlse station tested. 4 s0lld guard at any other
spanwlse locatlon would affect the 1ift and hlnge-moment
parameters differently.

Tuft studles.- The results of tuft studies made on
the upper surface of the model for a serles of angles of
ettack at varlous elevator deflections are presented 1in
figures 17 to 20. Thess studies were made of the out-
boerd end of the horlizontal tall for four horn and
stabllizer modifications and are bellieved to be the firatb
detalled tuft studles made of flow conditions around an
mnshielded horna.

The photographs show that, st nogative elevator
deflections, little dlfference eixlsts in alr flow over
the %top surface of the model for the wvarious horm and
stabllizer modlfications tosted. AL positlve olevator
deflections, howover, the offect of the horm on the alr-
flow characteristics 1s not localized but affects the
gir-flow pvattern over much of the surfacs shown. Sepsara-
tlon occurs . oan all of the elovatora suryoyed when the
elevator angle and angle of atbtack are 8°. (For
example, see fig. 18(e).) On the other hand, for the
model without a horn ut the same =zitltrde a smooth flow
over tlLe elevator 18 indicated (fig. 17(e)). The
dlsturbing effect of tre alr flow through tlie norn-
stablllzer gap and the hingec cut-out gap 1s evident
from figures 18 to 20. Rounding off the stabllizer Ti;S,
produces &-slight improvemsnt in flow conditions.

CONCLUSIONS

The results of an lnveatigatlion to determine the .
aerodynamic effects of varylng the shape of horn balances
on horlzontal taill surfaces Indicate that:

1.. Rounding the adjacent horn and stablllzer edges
had a negligible effect on the serocdynamic characteristica
of the tall surface oxcept for that caused by the decrease
in horn ares moment.
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2. A 80lld horn guard mounted at the end of the
stablllzer Increased the rate of change of 11ft with
angle of attack and with elevator deflsction., The rate
of chauge of hinge moment with angle of attack and with
elevator deflection lncreased negetively as ths guard
area was Ilncreased.

T.angley Memorilal Aeronautlcal Labcratory
National Advisory Commlitteo for Aeronautleces
Lungley Finsld, Va.
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TABLE T S
RESULTS IN VARIOUS FIGURES

| w1 . Gy g
Flgured - {(aeg) | - (aeg) .| Eorn| Stebllizer| Guard
8 -8 to 32| 0 and -20| Hy So None
: By 81
Hp Sy
H S1
By S2
Hp S2
V N \Z H), S2
9 0 and 8 -36 to 36 Hy So
=5 ] 81
H S1
Hj, Sy
I S2
Hp Sz
H5 S2
W & W H’-l- S2
10 -8 to 32 | -32 to 32 | H, S0
11 . . Hl S]_
12 W Hz 32
1, 0 and -20 | H} Sq v
: 1
2
v W M 4 2.
15 0 and 8 36 to 36 None
1
2
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(a) Guard 1.

Figure 7.- Three-quarter front view of various guards on 0O.5-scale semispan
model of horizontal tail surface of TBF-1 airplane.




NACA ARR No. L4J16 Fig. 7b

Guard 2.
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Figure 7.- Continued.
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Figure 7.- Continued.
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Figure 17.- Tuft study over upper surface of Q.5-scale model
of TBF-1 left horizontal tail surface. Modification HOSO:
q = 16.37 pounds per square foot except for tests with

asterisk in which q ® 12.53 pounds per square foot.
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Figure 17.- Continued.
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Figure 17.- Continued.
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Figure 17.- Continued.
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NACA ARR No. L4J16

(a) 8, = -32°.

of O0.5-scale model

Original surface
except for tests
per square foot.

Figure 18.- Tuft study over upper surface
of TBF-1 left horizontal tail surface.
HyS;: q = 16.37 pounds per square foot
wit% asterisk in which q = 12.53 pounds
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Figure 18.-~- Continued.
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Figure 18.- Continued.
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Figure 19.- Tuft study over upper surface of 0.5-scale model

of TBF-1 left horizontal tail surface.

q'_'

asterisk in which q =

16.37 pounds per square foot except for tests with
12.53 pounds per square foot.

Modification Hlsz;
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Figure 19.- Continued.
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(c) 8o = -8°.

Figure 19.- Continued.
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Figure 19.- Continued.
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Figure 19.- Continued.
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Figure 19.- Continued.
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Figure 19.- Concluded.
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(a) 8, = -32°.

Figure 20.- Tuft study over upper surface of O.5—sééle model
of TBF-1 left horizontal tail surface. Modification H 82;
qQ = 16.37 pounds per square foot except for tests witg

asterisk in which q = 12.53 pounds per square foot.
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Figure 20.- Continued.
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Figure 20.- Continued.
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Figure 20.- Continued.
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Figure 20.- Continued.
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Figure 20.- Concluded.
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